Abstract: An investigation of freshwater fungi on submerged wood in southwestern China led to the discovery of a new discomycete species from a small stream in Yunnan Province. The taxon is characterized morphologically by its combined characters of epigenous, white ascomata, ovoid, amyloid asci and multi-guttulate, single-celled, smooth, globose ascospores. Because the taxon cannot be accommodated in any known genus based on morphological characters and molecular data (28S and ITS rDNA sequences) a new genus and species Aquapeziza globispora is proposed to accommodate it. The new genus is circumscribed and a description and illustrations of the new species are provided. Relationships of Aquapeziza in Pezizaceae are inferred from 28S and ITS rDNA sequence analyses.
INTRODUCTION
Freshwater fungi comprise a distinct ecological assemblage of fungi and to date some 548 ascomycete species have been reported from this milieu (Raja et al. 2009 ). This ecological group however is still poorly studied (Wong et al. 1998 , Raja et al. 2009 ). We have investigated the diversity of freshwater fungi for more than 20 y (Hyde 1992 (Hyde , 1995 Cai et al. 2003b; Zhang et al. 2009; Reblova et al. 2010) , most recently concentrating on southwestern China (Cai et al. 2002; Luo et al. 2004; Cai and Hyde 2007; Hu et al. 2007 Hu et al. , 2010b and Thailand (Hu et al. 2010a) . During this study we collected an interesting discomycete that cannot be accommodated in any described genus, based on its distinct morphological characters and sequence data (28S and ITS rDNA sequences). The taxon is characterized morphologically by its combined characters of epigenous, white ascomata, ovoid, amyloid asci, and multi-guttulate, single-celled, smooth, globose ascospores. In this paper we introduce a new species and genus to accommodate the taxon and provide a description and illustrations. Analyses of 28S and ITS rDNA sequences from the new taxon with reference sequences from GenBank were used to infer its phylogenetic relationships to Pezizaceae.
MATERIALS AND METHODS
Sample collection and specimen examination.-Fifty samples were collected randomly from Yulu Stream, Yunnan Province, China, 7 Feb 2010, returned to the laboratory and incubated following the method described by Cai et al. (2006) . The fungal specimens were deposited as herbarium specimens in IFRDC. Samples were examined for fungal fruiting bodies under a dissecting microscope (Leica MZ16A) during incubation. Observations and photographs were prepared from material mounted in water under a compound microscope (Nikon E800); Melzer's reagent was used to test the amyloid reaction. The single-spore isolation method outlined by Choi et al. (1999) was used to attempt to isolate the fungus but was not successful.
DNA extraction, amplification and sequencing.-Total DNA was extracted from the ascomata. A single ascoma was picked from the substrate with caution taken to ensure that no other fungal spores or hyphae adhered to the ascoma. The ascoma was placed in sterile water and washed 3-5 times. Total DNA was extracted with a Biospin Fungus Genomic DNA Extraction Kit (BioFluxH) according to the manufacturer's protocol.
Fragments of the partial large subunit (LSU) and internal transcribed spacer (ITS) rDNA were amplified by the polymerase chain reaction (PCR). Primers LROR & LR6 (Vilgalys and Hester 1990, Rehner and Samuels 1995) and ITS4 & ITS5 (White et al. 1990 ) were used respectively for PCR amplification of LSU and ITS rDNA sequences. The amplification was performed in a 50 mM reaction volume (buffer, MgCl 2 1.5 mM, dNTP 0.2 mM, 0.8 mM of each primer and 1 U Taq DNA Polymerase). Thermal-cycling parameters included an initial denaturation of 95 C for 2 min, followed by 35 cycles consisting of denaturation at 94 C for 1 min, annealing at 50 C for 1 min and extension of 72 C for 1 min. A final extension at 72 C for 10 min was included at the end of the thermal cycling. The PCR products were purified and sequenced with LROR and LR6 and ITS4 and ITS5 primers respectively (ABI-PRISM3730) at Sangon Biotech Co. Ltd., Shanghai.
Sequence alignment and phylogenetic analyses.-Sequences were aligned with BioEdit (Hall 1999) . Two novel sequences (GenBank accession numbers HM996916, JF432065) from the new taxon, together with reference sequences obtained from GenBank, were aligned with Clustal X (Thomson et al. 1997) . Alignment was manually adjusted to allow maximum alignment and minimize gaps.
Phylogenetic analyses were performed with maximum parsimony as implemented in PAUP* 4.0b10 (Swofford 2002) . Characters were equally weighted and gaps were treated as missing data. Trees were inferred with the heuristic search option with TBR branch swapping and 1000 random sequence additions. MAXTREES were unlimited, branches of zero length were collapsed and all parsimonious trees were saved. Clade stability was assessed with a bootstrap (BT) analyses with 1000 replicates, each with 10 replicates of random stepwise of taxa. KishinoHasegawa tests (KH Test) (Kishino and Hasegawa 1989) were performed to determine whether trees were significantly different. Trees were drawn with TreeView (Page 1996) .
The model of evolution was estimated with MrModeltest 2.2. Posterior probabilities (PP) (Rannala and Yang 1996, Zhaxybayeva and Gogarten 2002) were determined by Markov chain Monte Carlo sampling (BMCMC) in MrBayes 3.0b4 (Huelsenbeck and Ronquist 2001) . Six simultaneous Markov chains were run 1 000 000 generations and trees were sampled every 100 generations (resulting 10 000 total trees). The first 2000 trees, which represented the burn-in phase of the analyses, were discarded and the remaining 8000 trees were used for calculating posterior probabilities (PP) in the majority rule consensus tree.
RESULTS
Phylogenetic analyses.-The 28S rDNA dataset included sequences from 50 strains representing 25 genera of the Pezizaceae, one Pyronemataceae (Pyronema domesticum (Sowerby) Sacc.) and one Ascobolaceae (Ascobolus crenulatus P. Karst.), with Sordaria fimicola (FIG. 1) . In the tree all Pezizaceae taxa formed a distinct lineage with phylogenetic distance from Pyronemataceae and Ascobolaceae; Aquapeziza globispora nested in the clade of Pezizaceae with a close relationship to Boudiera Cooke.
The ITS rDNA dataset included sequences from 25 strains representing 11 genera of the Pezizaceae, one Pyronemataceae (Pyronema domesticum) and one Ascobolaceae (Ascobolus crenulatus), with Sordaria fimicola (Sordariomycetes) as the outgroup taxon. The final dataset comprised 866 characters after alignment without ambiguous regions. Parsimony analysis resulted in two trees without significant difference. One of the most parsimonious trees (TL 5 2145, CI 5 0.567, RI 5 0.615, RC 5 0.349, HI 5 0.433) is illustrated here (FIG. 2) . In the tree all Pezizaceae taxa formed a distinct lineage and showed phylogenetic distance from Pyronemataceae and Ascobolaceae; Aquapeziza globispora nests in the clade of Pezizaceae, with a close relationship to Pachyphloeus Tul. & C. Tul. Ascomata ca. 400-500 mm high, 430-500 mm diam, scattered, epigenous, sessile, turbinate, white; excipulum ca. 30-50 mm thick, composed of an ectal exipulum of textura globulosa to textura angularis and medullary excipulum of textura intricata. Paraphyses 7.5-10 mm diam, hyaline, septate, cylindrical, longer than asci. Asci 125-150 3 50-75 mm, eight-spored, unitunicate, operculum not distinct, at first broadly cylindrical becoming ovoid at maturity, with a rounded apex, hyaline; the upper part of the asci slightly staining blue with iodine; the cytoplasmic retraction within the ascus wall has the appearance of a thickened wall. Ascospores 18-20 mm (x 5 19.3, n 5 30) diam, irregularly arranged, multiguttulate, single-celled, smooth, globose, not forcibly discharged from the asci.
TAXONOMY
Specimens examined. China. Yunnan Province: Qujing, Huize, Yulu stream (N26u219360, E103u349480), on submerged wood, 7 Feb 2010, HuQJ13-1 (Holotype, IFRD 8978); ibid, HuQJ13-2 (isotype, IFRD 8979).
DISCUSSION
The circumscription of the Pezizaceae was redefined by Hansen et al. (2001) . Several morphological characters, such as ascomata shape and amyloid reaction of the ascus (Kimbrough 1970 , Hirsch 1984 , have been used as criteria to demarcate the family, but none of them seems sufficient (Hansen et al. 2001, Hansen and Pfister 2006) . The morphological characters were concluded by Hansen et al. (2001) because ''Pezizaceae is chiefly characterized by amyloid asci and uninucleate spores which are usually thin-walled, globose, ellipsoid or fusiform, hyaline or pale brown, and smooth or with cyanophilic ornaments. The excipulum consists, at least partly, of large isodiametric cells.'' DNA sequences data have been used to delimit the family and establish relationships among genera of Pezizaceae and provide a more robust classification (Norman and Egger 1999; Hansen et al. 2001 Hansen et al. , 2002 Hansen et al. , 2005 Hansen and Pfister 2006; Laessøe and Hansen 2007; Healy et al. 2009; Trappe et al. 2010) . Lumbsch and Huhndorf (2010) accepted 25 genera in Pezizaceae, which included genera with high morphological diversity. Aquapeziza globispora is characterized morphologically by its combined characters of epigenous, white, turbinate ascomata, ovoid, amyloid asci, and multi-guttulate, single-celled, smooth, globose ascospores, which accords with the morphological characters of Pezizaceae. The operculate ascus is a derived character of Pezizales, but functional opercula have been lost in certain taxa (Hansen and Pfister 2006) and the ascus operculum of Aquapeziza globispora is not distinct.
Aquapeziza globispora nests in the Pezizaceae in the tree generated from 28S and ITS rDNA data. Aquapeziza globispora resembles species of Boudiera in many aspects such as epigenous apothecia and globose ascospores; however it differs in having ovoid asci, hyaline and smooth spores and an aquatic habitat. Furthermore the phylogeny inferred from 28S rDNA sequences (FIG. 1) shows Aquapeziza globispora to be distant from the representatives of Boudiera.
The species of Pezizaceae occur in a broad range of ecological niches, fruiting in soil, sand, clay, limestone, burned ground, dung and wood (Hansen et al. 2001) . However Pezizaceae are relatively rare in freshwater habitats. There are 112 discomycete species in 44 genera recorded from freshwater habitats (Cai et al. 2003a) ; among them only two species, Pachyella babingtonii (Berk & Br.) Boud and Pachyella violaceonigra (Rehm) Pfister, belong to Pezizaceae (see http://fungi.life.illinois.edu/). Both Pachyella babingtonii and P. violaceonigra have been reported from woody substrate from lentic freshwater habitats (Ingold 1954 , Dudka 1963 . Aquapeziza globispora is unique among freshwater Pezizaceae in its lotic habitat. Cai et al. (2003a) mentioned that ''most discomycetes occur on graminaceous substrata'', however the three species of Pezizaceae known from freshwater habitats all occurred on submerged wood. It will be interesting to study the enzyme produced by the three freshwater species of Pezizaceae and other freshwater discomycetes to determine mechanisms that let the freshwater species of Pezizaceae adapt to colonizing submerged woody substrata (Simonis et al. 2008) .
